Introduction: Evans index (EI) and Bicaudate index (BCI) are practical markers of ventricular volume and are helpful radiological markers in the diagnosis of normal pressure hydrocephalus. Worldwide, variation exists in normative studies for both these indices. Most of the studies conducted for EI and BCI are based on the Western population data. which is a rural hospital in Central India. All patients with either a head injury or neurological complaints although with normal computed tomography (CT) brain were included in the study. Patients with diagnosed neurological disorder, clinical features suggesting hydrocephalus, or intracranial pathology on CT brain were excluded from the study. Five hundred and eleven patients were selected for this study, and EI and BCI was calculated for them. Results: The mean value of EI and BCI in our study was 0.2707 and 0.1121, respectively. Both indices showed a statistically significant difference between males and females. The value of both indices increased with age. Conclusion: Although our study is in agreement with the cutoff value of EI to diagnose dilated lateral ventricles as 0.3 for age <70 years, cutoff value of EI for the older population should be reconsidered to 0.34.
Introduction
Hydrocephalus is the imbalance in the production and absorption of cerebrospinal fluid (CSF), resulting in the enlargement of the ventricular system. [1] For the diagnosis of hydrocephalus, apart from clinical examination, radiological investigation such as computed tomography (CT) and magnetic resonance imaging plays a very important role. The diagnosis of hydrocephalus on imaging is made by assessing the ventricle size.
CT scan is the most widely used and affordable modality for brain imaging. Ventricular size can be studied by linear ratio measurements on CT. Among these, Evan's index (EI) and Bicaudate index (BCI) are the simplest methods of evaluation.
EI is defined as the ratio of the maximum width of the frontal horns of the bilateral lateral ventricles and maximum internal diameter of the skull at the same level. [2] BCI is defined as the ratio of the width of bilateral lateral ventricles at the level of the head of the caudate nucleus to distance between inner tables of the skull at the same level [3] [ Figure 1 ]. Both these indices are practical marker of ventricular volume and have been proposed as helpful biomarkers in the diagnosis of normal pressure hydrocephalus.
Materials and Methods
This was a retrospective study conducted in the Department of Neurosurgery, Mahatma Gandhi Institute of Medical Sciences, Sewagram, Maharashtra, India, from December 2018 to May 2019. Five hundred and eleven patients with clinical symptoms or history suggestive of neurological ailment but with a normal CT brain were analyzed.
Inclusion criteria
All participants who reported to the neurosurgery department with complaints of the study population was 0.1121 ± 0.0341. For males and females, the value of EI (P = 0.006) and BCI (P = 0.0002) was statistically significant [ Table 3 ]. This study shows an increasing trend with age for EI and BCI. There was also statistically significant difference in both EI and BCI with respect to age [ Table 4 ]. Patients of age >70 years have the highest values of EI and BCI.
Discussion
EI and BCI are the practical parameters commonly used in the diagnosis of hydrocephalus. Hydrocephalus can be divided as communicating (or nonobstructive) and noncommunicating (or obstructive). The causes of obstructive hydrocephalus are cystic lesions, tumors, head injury and neurological disease but with a normal CT brain were included in the study. The youngest child in this series was 6 months, and the oldest patient was 90 years.
Exclusion criteria
1. Participants with intracranial pathology on CT 2. Participants with clinical features suggestive of hydrocephalus 3. Proven case of a neurological disorder. CT brain of all the patients was performed in Wipro GE multislice CT scanner. Axial sections were obtained at 5-mm slice thickness from the skull base to the vertex along the orbitomeatal plane. Studies were analyzed on ADW workstation. Measurements were taken with inbuilt linear calipers. 
Statistical analysis

Results
Of 511 patients, 345 were male and 166 were female, with a male: female ratio of 2.08:1. Maximum patients were in the age group of 20-40 years [ Figure 2 ]. The average age for the study population was 40.86 years. Figures 3 and 4 describe the distribution of EI and BCI in different age groups. Table 1 describes the various parameters used in the study and their final values. Table 2 describes EI and BCI with respect to the age and sex of the patient.
The value of EI in the study population was 0.2733 ± 0.0301 in males and 0.2655 ± 0.0306 in females. The overall value of EI in the study population was 0.2707 ± 0.0304. The mean value of BCI was 0.116 ± 0.0339 in males and 0.1041 ± 0.0331 in females. The overall value of BCI for or membranous obstruction to CSF outflow. [4] [5] [6] Rarely, it may due to pathology involving the choroid plexus where CSF production takes place leading to excessive CSF production. Obstructive hydrocephalus is the most common type of hydrocephalus in children and young adults. [7, 8] In some instances, there occurs a complex type of hydrocephalus (e.g., meningitis) where both absorption and flow of CSF are interrupted. [9] Several imaging parameters are now under consideration to make a diagnosis of hydrocephalus which includes frontal horn index, occipital horn index, frontooccipital horn ratio (FOHR), frontooccipital horn index ratio, and reduction FOHR. With the advancements in imaging techniques, newer measurement systems such as Huckman number, Bicaudate-Frontal (ventricular) Index, and Schiersmann's Index have also been described. [10, 11] Many of these tools are time-consuming and partially operator dependent. EI and BCI, being technically less demanding as well as easily reproducible, remain the most commonly used tool for the evaluation of hydrocephalus.
Evans index
EI gives the assessment of the degree of ventricular enlargement. The diagnostic cutoff value is >0.3. [12] In the present study, the EI value was 0.2707 ± 0.0304 which was slightly more than other studies with mean EI of 0.25. [13, 14] This could be attributed to the fact that this study has more percentage of the older population as compared to other studies. In addition, difference could be due to racial and ethnic difference in size of the skull. Takeda et al. reported Evans ratio of 0.271 and 0.262 in the Japanese male and female population, respectively. [15] A Turkish study has reported values of 0.27 and 0.28 for males and females, respectively. [16] Hamidu et al. found that mean of EI in males was more than that of the females, but it was not statistically significant. [13] In our study, we found the difference of mean EI between males and females as statistically significant [ Table 3 ]. This observation is supported by the fact that females >15 years of age have smaller ventricular system as compared to males. [17] For EI, values between 0.25 and 0.30 were associated with borderline enlargement, and values above 0.30 were indicative of pathological ventricular dilatation. [2] Although our study is in agreement with the cutoff value, but for age >70 years, our study suggests that the upper limit for EI (95-percentile value) in Central India is 0.34. 
Bicaudate index
Apart from the evaluation of ventriculomegaly, BCI is used for the diagnosis of Huntington's chorea, cerebral atrophy, and multiple sclerosis. [3, 18, 19] Cutoff value for BCI for hydrocephalus is 0.25. The value of BCI in our study was 0.112 ± 0.0337, which is similar to the study by Dupont and Rabinstein [20] and Park et al. [21] The maximum value in our study was 0.22, which was slightly higher than the study conducted by Pelicci et al. [22] In our study, there was a positive correlation between age and BCI. This observation was similar to other studies conducted by Kukuljan et al., [23] Park et al., [21] and Dupont and Rabinstein. [20] Park et al. showed that there is no difference in sex for BCI values. [21] However, our study showed a difference in the mean values of both sexes as statistically significant.
Limitations of the study
The results are from a retrospective analysis of patients from a single center. A multicenter analysis would lead to a more robust conclusion of cutoff indices. Patients aged 70 years or above constituted <10% of the study number. Although this number is higher than the number of older patients in other studies, an independent study of a larger series of this age group should be ideally undertaken.
Conclusion
Our study for Central India concludes that EI and BCI have a significant statistical difference between males and females. Both EI and BCI values increase with age. Although the cutoff value of EI for <70 years' population is 0.3, this should be reconsidered for the older population (>70 years).
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